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[57] ABSTRACT 

A wideband receiver, including a time-varying finite impulse 
response (FIR) filter, has been provided to combine multi- 
path communications of data in response to pilot channel 
timing information. The time-varying FIR processes the 
multipath communications through independent signal 
paths. Each signal path includes a variable delay circuit and 
a variable gain circuit. The delay of each separate signal path 
is adjusted and made equal in response to the pilot channel 
timing information. Likewise, the gain of each signal path is 
adjusted in response to pilot channel gain information to 
maximize the signal to noise ratio of the combined signal 
paths. The separate signal paths are then summed in a 
combiner circuit. The time-varying FIR permits the data 
communication to be summed either before, or after 
demodulation. A method of combining multipath commu- 
nications using a time-varying FIR is also provided. 
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[57] 



ABSTRACT 



The present invention relates to a space diversity com- 
biner which includes two branches wherein separate 
multipath signals received from a remote source are 
propagated. The branch signals are combined and the 
combiner output signal is used for obtaining noncoher- 
ent spectrum measurements which are in turn used to 
account for both dispersion and noise in controlling the 
relative amplitudes and phases of the two branch signals 
to provide a maximum performance measure for the 
combiner. 
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[57] ABSTRACT 

A method and apparatus for combining baseband sig- 
nals from a large aperture antenna array in which none 
of the individual baseband signals has a sufficiently high 



signal-to-noise ratio to be used as a correlation or refer- 
ence signal for phase adjusting the remaining baseband 
signals. More specifically, the invention provides a 
means whereby the baseband output signals of all but 
one of the receivers associated with each of the anten- 
nas are summed and used as a correlation reference for 
the baseband signal not contained in the summed signal, 
thereby providing a plurality of correlation or align- 
ment loops, each having an output signal related to the 
phase difference between its input baseband signal and 
the summed signal. The invention further provides a 
means for subtracting an output or error signal gener- 
ated in one of the correlation loops whose baseband 
signal has a predetermined phase delay from all the 
other alignment loops, thereby avoiding interaction and 
reflection effects in the signal combiner. A variable 
phase delay means for each of the other baseband sig- 
nals is controlled by its corresponding correlation loop. 
The invention discloses how a plurality of loops operat- 
ing in the above manner provides a means for adjusting 
the phase of each baseband signal so that they wiU all be 
in phase with each other and can thus be added to pro- 
vide a composite signal output having a higher signal- 
to-noise ratio than any of the individual baseband sig- 
nals. 
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(57) ABSTRACT 

A receiver and an associated method are disclosed for 
combining signals having substantially different polariza- 
tions. The receiver is used with a first antenna which 
receives first polarized signals and a second antenna which 
receives second polarized signals, the first polarized signals 
having a substantially different polarization than the second 
polarized signals. The receiver includes a phase shifter and 
a combiner circuit. The phase shifter adjusts the phase of the 
first polarized signal in response to the phase of the second 
polarized signal to produce a phase compensated first signal. 
The combiner circuit sums the second polarized signal and 
the phase compensated first signal to generate a combined 
polarization received signal. In this manner, the depolarized 
signals are phase-aligned with, and then combined with, the 
polarized signals to provide a strong received signal irre- 
spective of any depolarization of the received signal. 
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(57) ABSTRACT 

A phased array spread spectrum system for maximizing 
signal strength of a spread-spectrum signal with multipath 
through the use of receiving means, delaying means, com- 
bining means, despreading means, generating means, storing 
means and comparing means. The receiving means receives 
a plurality of spread-spectrum signals and a plurality of 
phased versions of the plurality of spread-spectrum signals. 
The delaying means delays the received plurality of spread- 
spectrum signals with respect to the plurality of phased 
versions of the plurality of spread-spectrum signals by a 
plurality of delays. The combining means combines the 
delayed spread-spectrum signals and the plurality of phased 
versions of the plurality of spread-spectrum signals as a 
plurality of combined signals. The despreading means 
desp reads the plurality of combined signals as a plurality of 
despread signals. The generating means generates a plurality 
of magnitude values from the plurality of despread signals. 
The storing means stores a plurality of previous-magnitude 
values previously generated by the generating means and a 
plurality of present magnitude values presently generated by 
the generating means. The comparing means compares the 
previous-magnitude values and the present-magnitude val- 
ues and, responsive to the comparison, outputs a plurality of 
comparison signals. The delaying means responds to the 
plurality of comparison signals by lengthening or shortening 
the plurality of delays, 
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Detailed Description Text - DETX (4): 

In operation, the received signals S.sub.1 and S.sub.2 
arrive at some 

arbitrary phase relative to each other, iff the two signals 
are to be combined 

ffor maximum power at the receiver, a compensating 
phase shift must be 

introduced by phase shifter 13. The amount of phase 
shift is determined by 

phase modulating signal S.sub.1 by means of a relatively 
low frequency sinusoid 

and sensing the resulting amplitude modulation on the 
combined signal. The 

phase controller adjusts the phase shifter so as to 
minimize the amplitude 

modulation. (See, for example, U.S. Pat. No. 4,160,952 
for a more detailed 

discussion of phase control in diversity combiners.) 



04/15/2004, EAST Version: 1.4.1 



Current US Cross Reference Classification - CCXR (2): 
455/276.1 



04/15/2004, EAST version: 1.4.1 



United States Patent [i9] 

Seastrand, Jr. 



[11] 

[45] 



4,160,952 
Jul. 10, 1979 



[54] SPACE DIVERSITY RECEIVER WITH 
COMBINED STEP AND CONTINUOUS 
PHASE CONTROL 

[75] Inventor: Kurt L. Seastrand, Jr., Andover, 
Mass. 

[73] Assignee: Bell Telephone Laboratories, 

Incorporated, Murray Hill, N.J. 

[21] Appl. No.: 905,156 

[22] FUed: May 12, 1978 

[51] Int a.2 H04B 7/04 

[52] U.S.a 325/36!h, 325/476 

[58] Field of Search 325/369, 31. 41, 56, 

325/60, 302. 304. 305. 306, 365, 366, 367, 476; 
343/100 AD, 100 CS, 100. CL. 205. 206; 
328/155, 133; 324/83 R; 179/15 AN 

[56] References Cited 

U.S. PATENT DOCUMENTS 

2.786.133 3/1957 Dyke 325/31 

2.955.199 10/1960 Mindes 325/369 

3,582,790 6/1971 Curtis 325/369 

4.075.566 2/1978 D'Arcangelis 325/369 



OTHER PUBLICATIONS 

Diversity Reception and Automatic Phase Correction, 
by L. Lewb, The Proceeding of the IEEE, vol. 109 
Part B. No. 46, Jul*, 1962. 

Primary £jca/7i//jcr— Benedict V, Safourek 
Assistant Examirier— Tommy F. Chin 
Attorney, Agent, or Firm — Sylvan Sherman 



[57] 



ABSTRACT 



Prior art circuits used in space diversity systems for 
combining the two received signals employ either con- 
tinuously variable phase shifters, which have retum-to- 
zero problems, or 90 degree phase steppers which com- 
bine the signals to within ±45 degrees. Both of these 
limitations are avoided by the use of the combination of 
a continuously variable phase shifter (14) and a 90 de- 
gree phase stepper (13). Control means (19, 20) are 
provided for actuating the stepper when the phase shift 
introduced by the variable phase shifter reaches a pre- 
scribed limit. 
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